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[57] ABSTRACT

An ignition device for an internal combustion engine
comprising an electromagnetic energy accumulator, a
power source for supplying electromagnetic energy to
the electromagnetic energy accumulator increasing an
electromgnetic supplying line, a switching device re-
sponsive to rotation of the engine for controlling the
supply of energy from the power source to the accumus-
lator, a transformer having a primary winding con-
nected to the accumulator, and a secondary winding for
inducing a flow of electromagnetic energy in the sec-
ondary winding in response to the flow of electromag-
netic energy in the primary winding, a rectifier for
controlling the direction of flow of the electromagnetic
energy in the primary winding and a spark generator
connected to the secondary winding of the transformer
for generating an electric spark in response to the en-
ergy flowing in the secondary winding.

8 Claims, 4 Drawing Sheets
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1
IGNITION DEVICE

" FIELD OF THE INVENTION

This invention relates to an ignition device for an
internal combustion engine, and more particularly to an
inductive discharge ignition device.

- DESCRIPTION OF THE PRIOR ART

Recently, higher efficiency and a better igniting ef-
fect are required for an ignition device to achieve
higher power and fuel efficiency in an engine for a
vehicle. The ignition device shown in-FIG. § 1s an ex-
ample of such a device. This device is described in a
paper entitled “Programmable Energy Ignition System
For Engine Optimization” published in SAE Technical
Paper Ser. No. 750348 (1975).

The ignition device shown in FIG. § is described as
an improvement of an inductive discharge type full
transistor ignition device. The device in FIG. § com-
prises an ignition coil 60, a distributor 63, a switching
transistor Tr connected to the ground of a primary
winding 61 of the ignition coil 60, and a drive circuit 10
for driving the switching transistor Tr.

The drive circuit 10 has a magnetic pick-up 11, a
pick-up coil 12, a waveform shaping circuit 13, an arc
duration control circuit 14, a comparator 135, an off-time
control circuit 16 and a drive gate 17.

The pick-up 11 has eight magnetic poles 11a. The
pick-up 11 is fixed to a rotor (not shown) of the distribu-
tor 63. The rotor is rotated by the crank shaft of the
engine. The pick-up coil 12 is positioned near the mag-
netic pick-up 11 to detect the passage of each magnetic
pole. Electromotive force is generated by the changes
of interlinkage magnetic flux caused by rotation of the

magnetic pick-up 11. The electromotive force is shaped

by the waveform shaping circuit 13 into pulses for trig-
gering the arc duration control circuit 14. In FIG. §, a
monostable multi-vibrator is used as the arc duration
control circuit 14. The monostable muliti-vibrator sends
an arc duration pulse a to one input port of the drive
gate 17. The pulse width of the arc duration pulse a 1s
about 75 milliseconds.

The comparator 15 compares the voltage between
each end of a shunt resistor R and reference voltage
Ref. The shunt resistor R is connected between the
emitter of the power transistor Tr and ground. The
comparator 15 sends a low level voltage to the off-time
control circuit 16 when the voltage of the shunt resistor
R is higher than the reference voltage Ref and sends a
high voltage when the voltage of the shunt resistor R 1s
lower than the reference voltage Ref. The off-time
control circuit 16 is 2 monostable multi-vibrator in this
SEA technical paper. The off-time control circuit 16
sends a low level off-time control pulse b which has a
short duration (substantially less than 75 milliseconds)
when the output of the comparator 18 is turned to a
high level from a low level. The off-time control pulse
b is sent to the other input port of the drive gate 17.

The drive gate 17 is an AND gate. The drive gate 17
outputs 2 high level drive pulse for driving the switch-
ing transistor Tr. The transistor Tr turns on when both
the arc duration pulse a and the off-time control pulse b
are high level.

Referring to FIG. 6, when the arc duration pulse a is
a low level, then the drive pulse from the drive gate 17
turns the switching transistor Tr off. Thus, current d
flowing in the primary winding 61 of the ignition coil 608
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becomes zero, and the off-time control pulse b changes
to a high level. In this state, when the pick-up coil 12
detects a magnetic pole 11a of the magnetic pick-up 11,
the arc duration control circuit 14 sends a high level arc
duration pulse a shaped by the waveform shaping cir-
cuit 13 and having a predetermined voltage level. The
drive gate 17 changes the drive pulse to a high level and
the switching transistor Tr is turned on. Therefore, the
current d flowing in the primary winding 61 increases
gradually and the voltage between the terminals of the
shunt resistor R rises. When the voltage is equal to the
reference voltage Ref which corresponds to a threshold
current value Lr of the primary winding 61, the com-
parator 15 changes its output to a high level. Therefore,
the off-time control circuit 16 changes the off-time con-
trol pulse b to a low level, the drive gate 17 changes the
drive pulse to a low level and the switching transistor
Tr is turned off. When the switching transistor T turns
off, the energy stored at the primary winding 61 of the
ignition coil 60 is conveyed directly to the secondary
winding 62 and high voltage is generated on the second-
ary winding 62. In FIG. 6, the voltage e is negative, but
this depends on the winding direction of the coils 61 and
62. The voltage e is supplied to a spark plug SP1 se-
lected by the distributor 63 and a spark electric dis-
charge is generated by dielectric breakdown. After that,
the off-time control circuit 16 changes the off-time con-
trol pulse b to a high level again after the lapse of the
off-time, so that the switching transistor Tr is turned on
and the primary winding 61 is charged the same as in
the above explanation. At this point, the gas in the cylin-
der is plasma, so the opposite direction spark electric
discharge is generated at the spark plug SP1 by the
secondary voltage generated by transformer effect of

the ignition coil 60. After that, the above action is re-

peated when the arc duration pulse a is a high level.

Accordingly, in the ignition device of FIG. 5, the
positive and negative spark electric discharge is re-
peated, and the spark energy is maintained continuously
as shown in g of FIG. 6 during the time set in the arc
duration control circuit.

In the above ignition device, the spark holding volt-
age which is necessary to hold the spark electric dis-
charge in the spark plug SP1 after the dielectric break-
down corresponds to pressure, temperature, and other
characteristics of the mixed gas in the cylinder. The
secondary voltage in the secondary winding 62 during
the charging time of the primary winding 61 corre-
sponds to the power supply voltage (4 12V). Accord-
ingly, it is necessary to set the turning ratio of the igni-
tion coil 60 so that the secondary voltage equals a maxi-
mum value of the spark holding voltage so as to con-
tinue the spark electric discharge. For this reason, the
spark current can be excessive if the secondary voltage
during the charge time is larger than the required spark
holding voltage. To prevent this problem it is necessary
to have a dummy load Rr. On the other hand, the
charged energy on the primary winding 61 is decreased
by the amount of energy expended on the secondary
side during the charge time of the primary winding 61.
A sufficient spark electric discharge cannot be guaran-
teed with such a decreased energy charge. In the above
ignition device, the charge energy of the primary wind-
ing 61 is effected by the state of the gas or the voltage
level of the power supply, so that the spark current
varies and the spark electric discharge is unstable.
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The above problem is caused by the energy consump-
tion in the secondary side during the charge time of the
primary winding 61. This problem has been presented
whenever one spark electric discharge is produced in
one ignition timing duration. As the way to solve the
problem, an ignition device having a diode in the sec-
ondary side has been used. The diode limits the direc-
tion of the flow of the spark current and decreases the
energy loss on the secondary side. However, the diode
must withstand a high voltage. This kind of diode is
expensive and large. Further, the structure of the sec-
ondary side must be more complex, so that a leak is apt
to be generated from the diode.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide an ignition device which is less expensive, more
reliable and efficient. Another object of the invention is
to improve the igniting efficiency of an ignition device
without increasing the size of the secondary side.

Further and other objects of this invention will be-
come obvious upon an understanding of the illustrative

4

FIG. 5. The magnetic pick-up 11 has magnetic poles. A
plus pulse is generated in the pick-up coil 12 at the
igniting timing. A minus pulse is generated in the pick-

- up coil 12 at the end of the arc duration term. The pulse
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embodiments about to be described or will be indicated .

in the appended claims, and various advantages not
referred to herein will occur to one skilled in the art
upon employment of the invention in practice.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of the ignition device
according to a first embodiment of the present inven-
tion.

FIG. 2 shows, a waveform diagram of the waveform
of each part of the ignition device in FIG. 1.

FIG. 3 shows a block diagram of the i1gnition device
according to a second embodiment of the present inven-
tion. o

FIG. 4 shows a block diagram of the ignition device
according to a third embodiment of the present inven-
tton.

FIG. 5 shows a block diagram of the ignmition device
of a prior art system.

FIG. 6 shows a waveform diagram of the waveform
of each part of the ignition device in FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

In the exemplary embodiment of the invention as
disclosed in the drawings, F1G. 1 illustrates an ignition
device according to a first embodiment. This ignition
device has an inductance coil 30, a DC-DC converter
20, a switching transistor Tr, a shunt resistor R, a dnive
circuit 10, a transformer 40 and a diode 50. The DC-DC
converter 20 raises 12 volt battery voltage to about 60
volts, and the DC-DC converter 20 supplies charge
voltage VB to the conductance coil 30. The switching
transistor Tr and the shunt resistor R are inserted in the
ground line of the inductance coil 30. The drive circuit
10 drives the switching transistor Tr. The transformer
40 has a primary winding 41 and a secondary winding
42. Each end of the primary winding 41 is connected to
each end of the inductance coil 30. The diode 50 is
inserted in a connection line 12 between the inductance
coil 30 and the primary winding 41. The secondary
winding 42 is connected to a distributor (not shown).

A construction of the drive circuit 10 is nearly equal
to the construction of the drive circuit of the ignition
device in FIG. 5. The dnive circuit 10 in FIG. 1 sues a
flip-flop instead of the arc duration control ctrcuit 14 in
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is shaped at the waveform shaping circuit 13. The
shaped pulse is discriminated by a diode, sets the flip-

flop by positive edge thereof, and resets the flip-flop by
negative edge thereof (The negative edge is falling from
high level to low level of the pulse). Accordingly, the
output of the flip-flop is related to the arc duration pulse
according to the speed of engine rotation. |

Referring to FIG. 2 for explaining the manner of the
circuit, when the arc duration pulse (s1) is turned to
high level at the time t0, the charge of the electromag-
netic energy in the inductance coil 30 is started for the
on driving of the switching transistor Tr. A negative
direction current opposite to the dotted arrow in FIG.
1 does not flow in the primary winding 41 of the trans-
former 40due to diode 50. The current IL of the induc-
tance coil 30 rises according to the following expres-
sion. (t is time and L is inductance of the coil 30)

IL=Va+t/L (1)

The voliage between the terminals of the shunt resis-
tor R rises with the increase of the current IL. The
switching transistor Tr is turned off at time t1. The
electromagnetic energy which is stored in the induc-
tance coil 30 is discharged in the closed circuit which
consists of the inductance coil 30 and primary winding
41. The current Isl flows 1n the direction of the dotted
arrow. The capacitance around the secondary winding
42 (floating capacitance of the secondary winding 42,
electrostatic capacitance of the spark plug, etc.) is
charged by the current Is1 through the transformer 40.
The secondary voltage Vs of the secondary winding 42
rises. When the secondary voltage Vs reaches the di-
electric breakdown voltage (about 20 kV) between the
gap of the spark plug, a dielectric breakdown 1s gener-
ated. After that, while the energy stored in the induc-
tance coil 30 is

discharged, the secondary voltage Vs 1s held at a
voltage (1-3kV) which is comparatively low.

After that, in the time t2 after lapse of the off time T1,
the switching transistor Tr is driven on and supply of
the electromagnetic energy is started again. However,
current in the primary winding 41 does not flow past
the diode 50. In this time, voltage added to inductance
coil 30 is raised from battery voltage by the DC-DC
converter 20 so that the charge speed is rapid.

When the dielectric breakdown occurs at the spark
plug, voltage V¢ is added to the collector of the switch-
ing transistor Tr. The voltage Vc is equal to the addi-
tion of the charge voltage to the voltage reflected from
the secondary voltage Vs by the transformer 40. When
the winding ratio of the transformer 40 is N, the voltage
Vc is a value according to the following expression:

Vc=Va+Vs/N 2)
The maximum value Tcp of the voltage Vc is expressed
by the following equation:
Vcp=Va +Vsp/N (3)

In the first embodiment, N 1s 100, VB is about 60 V.
Then, the maximum of Vsp is about 40 kV, and the
value of Vcp is about 460V. Accordingly, to protect the



4,938,200

S

switching transistor Tr, a Zener diode ZD is inserted as
a serge absorber between the ground and the induc-
- tance coil 30. The Zener voltage of the Zener diode ZD
~is larger than Vsp and is smaller than the breakdown
- voltage between the collector and the emitter of the
transistor Tr. |

The second embodiment of the ignition device ac-
cording to this invention is shown in FIG. 3. In this
embodiment, a coupled coil 31 is coupled magnetically
to the inductance coil 30. The primary winding 41 1s
connected to the coupled coil 31. The diode 50 is in-
serted in a connection line 13. In the second embodi-
ment, the energy stored in the inductance coil 30 is
transmitted to the coupled coil 31, and is discharged to
a closed loop comprises of the primary winding 41 and
the coupled coil 31. In the charging term of the induc-
~ tance coil 30, an electric connection between the cou-

pled coil 31 and the transformer 40 is cut off by the
diode. |
- The movement and action of the second embodiment
are identical to that of the first embodiment. In the
second embodiment, the ground side connection line 14
between the coupled coil 31 and the primary winding 41
can be omitted.

FIG. 4 shows a third embodiment which 1s developed
from the above second embodiment of this invention.
This device is an ignition device for a 4 cylinder engine.
In this device, four transformer coils 40a, 405, 40¢c and
40d are connected to the coupled coil 31. Thyristors
51a, 51b, 51c and 514 are inseried in the ground lines of
the primary windings of these transformers.

A monostable multi-vibrator 53 is triggered by the
negative edge of a signal s2 driving the base of the
switching transistor Tr (the time is the moment the
switching transistor Tr is driven off). The vibrator 33
~ outputs a high level drive pulse corresponding to the
off-time T1 of the switching transistor Tr. The drive
pulse is added to each input port of the AND gates 52a,
52b, 52¢ and 524.

The output of the selector 54 is given in another mput
port of each AND gate. The selector 54 selects the
AND gate corresponding to the cylinder which is to be
ignited by the detected signal of the crank degree sen-
sor. The selector outputs a high level selecting signal to
the selected AND gate.

When the drive pulse from the vibrator 53 is added to
. the selected AND gate, the thyristor connected to the
output end of the selected AND gate is driven on. The
primary winding of the transformer correspond to the
driving thyristor receives current while the other pri-
mary windings do not receive current. During the on-
time of the switching transistor Tr, each thyristor is
biased conversely and accordingly, all primary wind-
ings do not receive current. Thus, there is no energy
loss against the inductance coil 30.

In this device, the rectification and selection are done
by the thyristors 524, 52b, 52¢ and 524, so that the de-
vice may not need a distributor.

In the third embodiment, the transformers 40a, 400,
40c¢ and 40d are disposed on each head of the respective
spark plugs SP1, SP2, SP3 and SP4. Thus there is no
need for the transformers to store energy, making it
possible to use small transformers.

In the above embodiments, multi-spark discharges are
generated in one ignition timing, but this invention may
be applied to an ignition device which generates one
spark discharge in one ignition timing.
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Further, it is possible to use an oscillator as a means
for repeating the driving on/off of the switching transis-
tor Tr in one ignition timing and for generating plural
spark discharges.

In this invention, the direction of the electromagnetic
energy which is stored in the electromagnetic energy
accumulator comprised of the inductance coil and the
primary winding is controlled by a rectifier device, so
that loss of the electromagnetic energy from the elec-
tromagnetic energy accumulator can be eliminated.

In this invention, the spark energy is maintained a
long time by intermittent spark discharge when a large
charge voltage is used to increase the charge speed in
the case of using a device for generating multi-spark
discharge in one ignition timing. In this case, it is possi-
ble to obtain a better igniting effect.

According to this invention, the ignition device is
more reliable and efficient and has a good igniting effect
and can be realized without a distributor.

While I have shown and described particular embodi-
ments of my invention, it will be obvious to those skilled
in the art that various changes and modifications may be
made without departing from my invention in Its
broader aspects and I, therefore, intend in the appended
claims to cover all such changes and modifications as
fall within the true spirit and scope of my invention.

What is claimed 1s:

1. An ignition device for an internal combustion en-
gine comprising: _

electromagnetic energy accumulating means;

energy supplying means for supplying electromag-

netic energy to the electromagnetic energy accu-
mulating means;
switching means responsive to rotation of the engine
for controlling the supply of energy from the sup-
plying means to the accumulating means;

transformer means having a primary winding con-
nected to the accumulating means, and a secondary
winding for including a flow of electromagnetic
energy in the secondary winding in response to the
flow of electromagnetic energy in the primary
winding;

rectifier means for controlling the direction of flow of

the electromagnetic energy in the primary wind-
ing; and |

spark generating means connected to the secondary

winding of the transformer means for generating an
electric spark in response to the energy flowing in
the secondary winding;

wherein the accumulating means includes an accumu-

lation transformer having a coupled coil and means
for electrically connecting the coupled coil with
the primary winding,

said coupled coil and said primary winding each

being connected to ground and said rectifier means
including a rectifier connected in series between
the primary winding and ground;

wherein the transformer means includes a plurality of

transformers, the spark generating means includes
a corresponding plurality of spark generators, and
the rectifier means includes an individual rectifier
comprised of a thyristor corresponding to each
transformer; and

wherein said device also includes logic means con-

nected to the switching means for controlling the
operation of the individual thyristors in response to
the rotation of the engine.
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2. The device of claim 1 wherein the accumulating
means includes a coil and means for connecting the coil
in parallel with the primary winding and the rectifier
means including a rectifier coupled in series to the con-
necting means between the ¢oil and the primary wind-
ing.

3. The device of claim 1 wherein the rectifier means
includes a rectifier electrically connected in series to the
connecting means between the coupled coil and pri-
mary winding.

4. The device of claim 1 wherein the switching means
includes transistor means for intermittently supplying
energy from the supplying means, and switching driver
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means responsive to rotation of the engine for control-
ling the timing of the transistor means.

5. The device of claim 1 wherein the supplying means
includes booster means for increasing the voltage level
of the supplied electromagnetic energy.

6. The device of claim 1 wherein the rectifier means
includes one of a diode, a thyristor and a transistor.

7. The device of claim 1 wherein the spark generating
means includes a plurality of spark generators and the
device also includes distributor means for controlling
the timing of the spark generators.

8. The device of claim 1 wherein the logic means

includes an AND gate corresponding to each thyristor.
* % X =x X
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